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ABSTRACT: In this study, seeds of Festuca ovina var. coreana growing in waste coal landfills exposed to heavy metal
contamination for a long time were collected, and growth characteristics and heavy metal accumulation capacity were
evaluated through greenhouse cultivation experiments with germinated seedlings, and was conducted for the applicability
of phytoremediation technology. Concentration gradients of arsenic-treated artificial soil were 25, 62.5, 125, and 250 mg/kg,
respectively, lead concentrations were 200, 500, 1000, and 2000 mg/kg, and cadmium concentrations were 15, 30, 60, and 100
mg/kg, respectively In the arsenic, lead, and cadmium-treated experimental groups, the number of leaves of £. ovina var.
coreana decreased in all compared to the control group except for the lead-treated groups (200, 500, and 1000 mg/kg).
Length growth of the shoot part was increased in all of the arsenic treatment groups compared to the control group, but
decreased in all of the root parts. In the 1000 and 2000 mg/kg lead treatment groups, lengths increased compared to the
control group, but in the other treatments, they were shorter than the control group. In the case of the cadmium treatment
group, all of the shoot parts were increased compared to the control group, and all of the root parts were decreased. In the
case of arsenic treatment, the biomass was decreased at all parts and all concentrations compared to the control group. The
200, 500, and 1000 mg/kg lead treatments showed larger biomass than the control group in both shoot and root parts. In the
cadmium treatment group, the biomass of both shoot and root parts decreased compared to the control group. As the
concentration of heavy metal treatment increased, both the number of leaves and the biomass by plant parts tended to
decrease, and the length growth of the shoot part tended to increase slightly, but the root part tended to decrease slightly.
The arsenic accumulation concentrations of the shoot and root parts of the 62.5 mg/kg arsenic treatment area were 9.4 mg/kg
and 253.3 mg/kg, respectively. While the shoot part of the 250 mg/kg arsenic treatment area withered away, the arsenic
accumulation concentration in the root part was analyzed to be 859.1 mg/kg, In the 2,000 mg/kg lead treatment area, the
shoot and root parts accumulated 10,308.1 and 11,012.0 mg/kg, which were 1.1 times higher than the root parts. At 100
mg/kg cadmium treatment, the shoot and root parts were 176.0 and 287.2 mg/kg, and the root part accumulated 1.6 times
higher than the shoot part. As a result of tolerance evaluation of £. ovina var. coreana, multi-tolerance to three heavy metals
was confirmed by maintaining growth without dying in all treatment groups of arsenic, lead, and cadmium. Plant extraction
(phytoextraction) of £. ovina var. coreana was verified as a species that can be applied up to 2,000 mg/kg of soil lead
contamination.
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Fig. 1. Comparison of the number of leaves of F. ovina var. coreana according to the concentrations of As, Pb and

Cd in the sail.
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Fig. 3. Length growth of shoot and root parts of F. ovina var. coreana according to Pb concentrations in soil.
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F. ovina var. coreana

e
N
o

o
=
(=]

I
=
%)

e
o
@

Shoot biomass (g)

e
[=]
B

e
o
o

oUﬂmm

62.5 125 250
As treatment (mg/kg)

F. ovina var. coreana

o o ©o ©o
=R NN
o w o u

Root biomass (g)

o
o
«

-J 0 Dl

62.5 125
As treatment (mg/kg)
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Fig. 9. Correlations between arsenic, lead and cadmium treatment concentration and length growth.
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Fig. 10. Correlations between arsenic, lead and cadmium treatment concentration and biomass.
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Fig. 11. Arsenic accumulation in F. ovina var. coreana according to soil As concentrations.
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S 420.8 me/ke 2 $A45 913, 250 mgke A el T
O A4F% ¢1A] LRHALS F10l) A Slof BB
2 ol g1A)e F4Fe BAjskA 2ot Aahel

] 422 % T = 859.1 mgkg 2 HAE Qlth (Fig. 11).

3329 At

o2 o] A FRet A eh B 0 mg/kgo] ™, 200
mg/kg %] 2]712] A AELQ} A5 771 150.0 mg/keg,
99.5 mg/kg = AAFF-2] Z2F 7} x|alte] H]ste]
158} =] Urebgto.m, 500 mg/kg A 2] Lol A 2]
9} 25} 302.1 mg/kg, 505.7 mg/kg 2 A|3HEL7} %]
g0 178 =431, 1,000 mg/kg A 2]=Eof| A A5
9} 2|5} 1,042.8 mg/ke, 4,057.4 mg/kg = A3}
7F A gH-2] 48l 9151, 2,000 mg/kg A 2] Lol A 2|4
Hol 2]5]H= 10,308.1 mg/kg, 11,012.0 mg/kgE #|
AFE7F ASH-] 1.14] 2] 2 =] Sick (Fig. 12).

333 7t=g A2

o] Aol At B 0 mg/kgolH, 15
mg/kg A 2]-e] AR} 2|55 11.7 mgkg, 2.0
mg/kg = A7 ASHE] 64l 29k 2H, 30 mg/kg
) TLo] 2 AFE e} A FHR = 9.4 mg/kg, 33.7 mg/kg =

F. ovina var. coreana

0 L L e L
o 200 500 1000 2000
Pb treatment (mg/kg)

A7} A/gH-2] 3.68l 59431, 60 mg/kgA 29
A AP Q) | 5H=24.9 mg/kg, 74.7 mg/kg & A|S}5-
7F A0 3] 12313, 100 mg/kg A o A A1
9} 2] BHR= 176.0 mg/kg, 287.2 mgkg 2 A 357} ]
42 Lo A 54 = ]lck (Fig. 13).
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2,000 mfkg)ollA] A5o] TARSLA] ghot vt 7k
ol ulal WEARO 2 ol chak b B A3
S ACR WS, o]9 2L AT BEARE
ARG AT (P(NOs))ol) el ALY (nitrate)]
QYR G Ak Bk kg 49 %
Aoyl 2] el ol 19~82% 2 Hel T = 5
7holl ah2 v g 7] b7} 714 vlepstlrh (Table ).

WAL ATHE FRA, vl o HE R e
Aol MASHA 943 S 18 T A

3% Faol thWA (i) o] 2l = STk

F. ovina var. coreana

12,000
10,000
¥ 8,000 I
6,000
4,000
e 2,000 (-

oot conc. (mg/!

0 200 500 1000 2000
Pb treatment (mg/kg)

Fig. 12. Lead accumulation in F. ovina var. coreana according to soil Pb concentrations.
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Fig. 13. Cadmium accumulation in F. ovina var. coreana according to soil Cd concentrations.
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Table 1. Indices of tolerance according to the treatment
concentrations of As, Pb and Cd in F. ovina var.
coreana

Table 2. The bioaccumulation factor (BF) and translocation
factor (TF) according to the treatment concentrations
of As, Pb and Cd in F. ovina var. coreana

As-treated concentrations (mg/kg) = As-treated Concentrations (mg/kg)
actors
o5 625 125 250 Meainn ctjﬁlg;ance 25 62.5 125 250
BF 04 0.2 - -
78 71 62 74 71.2 TF 02 _ _ _
Rortreated eoncentrations (ma/kg) Eactors Pb-treated Concentrations (mg/kg)
200 | 500 | 1000 | 2,000 |Mean flerance 200 500 1,000 | 2,000
23 91 % 74 870 BF 0.7 0.6 1.0 5.2
Cd-treated concentrations (mg/kg) il 15 0.6 0.3 0.9
Mean folerance = Cd-treated Concentrations (mg/kg)
actors
15 30 6 | 100 indices 15 30 60 100
81 82 79 79 80.2 BF 0.8 0.3 04 1.8
TF 5.9 0.3 0.3 0.6

3.5 MEiAR J[Ete] SFL2 FHSEIL

349 AT FHFL S5 wmg (FEH
CHAD) < A A (I 02 2
o webi AAe] B SA] S 50 E
ABAAYIES A8l 9i7 TRl Hrk 4R
B3 o) T ATk, F54 Hel o) FErt ol
G5 AR W) A ST, ARl A
SPALE AR APELAR) BAPE AuEEQ) opgolch

“Teuh ol ANFHS) HFHo] BE A% Fo
F50F A gL 42 oh]ek. Schat (1999)2 & %
o] AjZo] F74 0 GEPO] HAAE FA317] 9130
A 93 A1l AH S0l e gt 184S
A18hA|7) 232 LpehLks 8 (phenotype)©] 7]
T ol HH 5ol AR Aolet shglom, 1 Azt
2 et 534 5252 thea go] Brier

Hld Aol FE4 SH 5w 1SS
2 A 0|25 HFL o1 A, Hel 7Y St
UGS FASEE TAE HoTE At

22 2715900 S Aol w271 ot
o} o) 25 0) S 4 Pasts AL e 20
2 A5Gk lo] BE Hel ol TSI 91k
ou}, T o vlstol ARl @3] Wol 4]
41245 (phytoremediation) ol H814] b 5
o= getgh

AT F FA S el 537
% BE FolH 5715101 2,000 mgkgH 2ol A
2172 Uhebhs QP4 B9, 200 me/kg A 2o

ol

f

(

PN

A} 2|77 9] A bl 5 2habal A sl
200 mg/kg A 2] Lol 4] TF (o] §Al5) 7k 1.5 2 A5
Hop 2l o g g S48kl 1,000, 2,000
mg/kgA| 27| A ¢] BF (=524l = 242 1.0,
522 #A4E e H, 53] 2,000 mg/kg A 2] A o]
FA40.9, AAR H Z25% 10,308.1 mg/kg Z van
der Ent (2013)¢] 11%2<¢ (hyperaccumulator) 7]&
320 232 WEsh Zlo2 2T 2ol
<9 285 2,000 mg/kg 7HA] A== (phytoex-
traction)4]] A2 H51] 485 4 9 g0l Tl
1K Table 2).

FHEg 2| pol A FHEg HE P St 57K
42 22T o] 2715191 100 mgke A 2o 4 2
TAIE Uehle QA vl st o] 290 elalsl
AL AR A 2l s =7 ol whek dj 2t B
Az gasilet eSAAa= 15, 30, 60 mg/kg
A 275 A 2l3tal= 100 mgkg A 2Rl A B 5=
o] 719 26e] Qo 5 Aol AEE-E FoHs A

o eprh,
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L A AV AL B s Ao R skt 1%
ol 4] Bou T} % R LA A A2} A
A3 18 Al SREel 1245 BT
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O o e 4 Qi Ry & A Bl A eE
o v, W, 7H=H 3% Sa<oll WA (S
MS AUt g)-g-o0] EolE]Qict GAF A= Ok et al.
(2003)%- 35 0] 345 9.917]2J<] of1zHATo] A
A= 25 (Artemisia princeps)©] A|AFE-43 mg/kg, A|
S 52 mg/kg ©] CdRFge s @l S5 F55°
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5 v W IR 50 T 5 297 e
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